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(54) Method and apparatus for vector error diffusion with output color control. 



(57) A method and apparatus perform vector error 
diffusion and result in reduced graininess of a 
color halftone image representing a continuous 
tone image. The method controls the output 
colors while reducing the visibility of the enor 
diffusion pattern inherent in forming a bilevel 
image. Specifically, the method involves in- 
fluencing the dot pattern conelation using vec- 
tor error diffusion and takes into account the 
effects caused by the interactions of dot patters 
for all of the different color components. A 
distorted color space is used in which colors 
not favoured, e.g. secondaries, white and black, 
are further away from most colors in the space 
than are favoured colors. This can be achieved 
by changing thresholds used to select the clos- 
est color. 
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The invention relates to an apparatus and a 
method for controlling colors printed by a printer or 
displayed on a monitor to reduce the visibility of error 
diffusion dot patterns, and more particularly, to an 
apparatus and method for performing vector error dif- 
fusion with output color control. 

Reproduction and display of continuous tone im- 
ages on color monitors and color printers using spatial 
grayscale or halftoning techniques is well known. 
However, the resulting halftone images display vari- 
ous amounts or levels of "graininess" resulting from 
error inherent in the halftoning process. 

Digital halftoning is the process of converting a 
continuous tone image to bi-level. Many output devic- 
es, including many printers and some CRT (cathode 
ray tube) and LCD (liquid crystal display) based de- 
vices are intrinsically bi-level, that is, the process can 
only print or display a dot or no dot. Thus, a variety of 
geometrical patterns are created such that a group of 
dots and blank areas represent the continuous tone 
image as closely as possible. Because the halftoned 
image is only an approximate representation of the 
continuous tone image, there are differences be- 
tween the continuous tone image and the halftone 
image. Those areas of the halftone pattern that do not 
match the original image are noise or error. An objec- 
tive of much research in digital halftoning is reducing 
the amount of visible noise. 

Digital halftoning can be classified into two class- 
es: "conventional, passive halftoning" and "active 
halftoning," with error diffusion being a widespread 
method of choice in the latter category. Conventional 
passive halftoning (discussed first) yields an appear- 
ance that is similar to that provided by classical ana- 
logue processes developed before digital techniques 
were available; it is most appropriate for devices that 
cannot display isolated pixels. Error diffusion produc- 
es an image appearance more like that created by the 
pointillist painters at around the end of the 19th cen- 
tury. It is most appropriate for devices that can display 
isolated pixels. Error diffusion tends to have noise at 
higher, and hence less visible spatial frequencies, of- 
ten resulting in a more pleasing appearance, see for 
instance: "Threshold Modulation in Error Diffusion," 
by K. T. Knox and R. Eschbach, Journal of Electronic 
Imaging 3, pp. 185-192(1993) and the references cit- 
ed therein. 

Several attempts have been made to reduce the 
sensitivity to process noise and maintain the appear- 
ance of the tonal gradation of the continuous tone im- 
age for conventional halftoning. For example, US-A- 
4,625,222 to Bassettit et al. discloses a print en- 
hancement control system for an electrostatic copier 
wherein control logic circuitry processes a set of im- 
age altering parameters to improve image production 
quality. These parameters have fixed or predeter- 
mined values and improve image quality by modify- 
ing modulated gray scale signals. 



US- A-4 ,700,229 to Hermann et al. discloses an 
image enhancement circuit which converts a low 
quality image signal into a high quality image signal 
by modifying the binary representation of a picture. 

5 Image enhancement is accomplished by multiplying a 
series of error difference signals by a series of 
weighting factors which produce clearer images by 
improving apparent picture resolution. 

US-A-4,672,463 to Tomohisa et ai. discloses a 

10 method of improving image quality within an electro- 
static reproduction machine wherein the sharpness of 
an image is improved based on the value of an image 
sharpness control parameter that has been calculat- 
ed by examining the copy quality of an original. 

15 US-A-4,709,250 to Takeuchi discloses an image 

forming apparatus which improves the halftone im- 
age quality of an original. The pulse width of a refer- 
ence control signal controls and improves image 
quality in response to detected image density signals. 

20 US-A-4,724,461 to Rushing discloses an image 

improving process control for an electrostatic copying 
machine which maintains high image quality by ad- 
justing a set of process control parameters. 

US-A-4,256,401 to Fujimura et al. discloses an 

25 image density adjustment method wherein a prede- 
termined image density level within an electrostatic 
copying machine is maintained at the standard den- 
sity by a varying set of input control parameters. 
US-A-4,693,593 to Gerger discloses a method of 

30 improving the image quality by controlling a single 
process parameter in response to changes in sensi- 
tometeric characteristics of an image transfer mem- 
ber. 

As mentioned above, another way of converting 

35 from continuous tone to a bi-level representation is 
error diffusion as disclosed in an article entitled "An 
Adaptive Algorithm for Spatial Grayscale" by Robert 
W. Floyd and Louis Steinberg, Proc. Soc. Inf. Disp. 1 7, 
75-77 (1976). The process of error diffusion involves 

40 an algorithm which determines whether or not to print 
a dot at a certain location based on a comparison of 
the continuous tone data with a threshold value. Gray 
levels above a chosen threshold are assigned a dot 
to be printed and those below the threshold are not 

45 assigned a dot to be printed. If the threshold corre- 
sponds to midway between black and white, the 
method always chooses the closer of black and white. 
The inherent error resulting from such a choice is 
propagated in specified amounts to adjacent picture 

so elements or pixels not yet considered to change the 
pixels prior to thresholding. This method produces a 
more accurate representation of a gray tone over a 
small area encompassing several dots than conven- 
tional halftoning. Hence, the error in the intensity of 

55 the digital image is diffused and, on average, zero. 

The fraction of the error added to each neighbour 
depends on a set of weights, the total error being mul- 
tiplied by the weight corresponding to a given neigh- 
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bour and then added to the value of that neighbour. 
The choice of weight can greatly affect the image 
quality, and much has been said about weights ap- 
propriate for giving pleasing results. Three examples 
of weights other than those in the original Floyd and 
Steinberg algorithm may be found in papers by Jarvis, 
Judice, and Ninkey ("A Survey of Techniques for Dis- 
play of Continuous-Tone Pictures on Bilevel Dis- 
plays", Computer Graphics and image Processing, 5, 
pp. 13-40, 1976), Stucki, ("Image Processing for 
Document Reproduction", Advances in Digital Image 
Processing, pp. 177-218, New York, Plenum, 1979), 
and Fan, ("A Simple Modification of Error Diffusion 
Weights", Proceedings of the IS&T 46th Annual Con- 
ference, pp. 113-114, Boston 1993). 

Other attempts at reducing the patterns visible 
include changing the order in which pixels are consid- 
ered. This can be as simple as changing direction on 
each scanline, as suggested by Floyd and Steinberg 
in their original article, or it can involve following a 
complicated curve. The latter method has been de- 
scribed in various forms including papers by Cole 
("Naive Halftoning", Proceedings of CGI '90, Spring- 
er-Verlag, pp. 203-222), and Wyvill and McNaughton 
("Three Plus Five Makes Eight: ASimplif ied Approach 
to Halftoning", Proceedings of CGI'91, Springer Ver- 
lag, pp. 379-394). 

A variation of the Floyd and Steinberg error dif- 
fusion algorithm involves using a varying threshold to 
determine whether to print or display a dot. Examples 
of these varying threshold algorithms are: C. Billotet- 
Hoffmann and O. Bryngdahl, "On the Error Diffusion 
Technique for Electronic Halftoning", Proc. Soc. Inf. 
Disp. 24, pp. 253-258 (1 983), in which a dither pattern 
was used as a threshold; US-A-5,045,952 to Es- 
chbach in which a function of the input signal was 
used as the threshold; and US-A-5,055,942 to Levien 
in which a function of the binary output was used as 
the threshold. 

Other known processes for performing error dif- 
fusion of color images include prior art devices that 
separately diffuse the error associated with each col- 
or. For example, in performing error diffusion of an 
RGB image, the prior art algorithms separately dif- 
fuse red while ignoring green and blue. Such an algo- 
rithm does not consider the effects of interactions be- 
tween dot patterns of different color components 
comprising a color image. Other prior art algorithms 
perform separate error diffusion for each color of a 
RGB image but also perform color conversion from 
RGB to CMYK. 

What is known as vector error diffusion was de- 
scribed in a paper by Dennis Venable, Judy Stinehour 
and Paul Roetling ("Selection and Use of Small Color 
Sets for Pictorial Display", Proc IS&T Annual Meeting, 
Rochester 1990) and in a paper by R. Miller and J. 
Sullivan ("Color Halftoning Using Error Diffusion and 
a Human Visual System Model", Proc IS&T Annual 



Meeting, Rochester 1990). In vector error diffusion 
colors are treated as points in a three dimensional 
space, with the colors printable or displayable at giv- 
en pixel discrete locations within that space. When a 
5 continuous tone color is to be displayed, the closest 
displayable color is selected, and the error is calcu- 
lated as a vector in color space. Here, the "closeness" 
might be the simple distance in color space or a 
weighted distance based on the human visual model. 
10 The vector is the difference between the desired col- 
or and the available color. The (vector) error is then 
diffused in the same way as in normal error diffusion. 

It is an object of the invention to provide a modi- 
fied vector error diffusion algorithm producing lower 
15 visibility of the error diffusion dot pattern. 

According to the present invention, there is pro- 
vided a method for determining a color of a pixel from 
an original image, comprising the steps of: 

determining an ink contribution of the pixel 
20 based on input data derived from the original image 
and a diffused ink error contribution; 

selecting the color of the pixel based on a dis- 
torted color space, the determined ink contribution of 
the pixel, and a diffused color error; 
25 updating the diffused ink error contribution 

and the diffused color error based on the selected 
color of the pixel; and 

setting the selected color of the pixel in an out- 
put bitmap representing the original image. 
30 The invention also provides an apparatus for de- 

termining colors of a plurality of pixels based on an 
original image, the apparatus comprising: 

a scanner for scanning the original image and 
forming input data representing an actual color; 
35 a computer for determining the color of the 

plurality of pixels, the computer including: 

a determinatorfor determining an ink contribu- 
tion of the pixel based on the input data and a dif- 
fused ink error contribution; 
40 a selector for selecting the color of the pixel 

based on a distorted color space, the determined ink 
contribution of the pixel, and a diffused color error; 

an updaterfor updating the diffused ink error 
contribution and the diffused color error based on the 
45 selected color of the pixel; and 

a designator for setting the selected color of 
the pixel in an output bitmap representing the original 
image; 

a printer for formatting the output bitmap data. 
50 The invention enables existing error diffusion al- 

gorithms to be modified to take into account certain 
properties of the human visual system. 

The method and apparatus of the invention influ- 
ence dot pattern correlations using a modified vector 
55 error diffusion algorithm. 

Improved color output is provided by taking into 
account effects of interactions between dot patterns 
of different color components comprising a color im- 
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The method and apparatus of the invention re- 
duce the visibility of error diffusion dot patterns by re- 
ducing luminance variation and increasing pattern 
frequency. 5 

Improving color output is also provided taking into 
account effects of toner coverage and ink coverage 
for an individual color pixel. 

The invention thus provides a method and appa- 
ratus for influencing dot pattern correlations using 10 
vector error diffusion. The most common and simple 
ways to perform error diffusion of color images are to 
treat each color component individually or treat each 
color as a quantity in a 3-dimensional space and ap- 
ply a vector error diffusion to that quantity. However, 15 
the invention modifies these approaches by treating 
all of the colors together and modifying the color out- 
put by taking into account the effects caused by inter- 
actions of dot patterns for each of the colors in the col- 
or image. 2 o 

The invention recognizes the inherent interac- 
tions between each color component of each pixel of 
a color image and the inherent properties of the hu- 
man visual system. The invention uses these known 
interactions and properties and modifies known error 25 
diffusion techniques to reduce output image graini- 
ness without the need to include an explicit model of 
the human visual system. Specifically, the invention 
modifies the process for deciding whether to turn on 
a pixel and modifying the process for deciding which 30 
color pixel to output. 

The invention seeks to print or display single pix- 
els with good inter-separation registration while 1) 
minimizing the number of black and white pixels out- 
put; 2) minimizing the number of secondary colors 35 
printed if no black and white pixels are printed; and 3) 
dispersing the pixels printed or displayed to increase 
the dominant spatial frequency. By increasing the 
spatial frequency, there is less visible noise pro- 
duced; by avoiding black and secondary colors, there 40 
is less contrast between pixels that are printed and 
those that are not. Because visibility of noise is less 
at high frequencies and low contrast levels, the visi- 
bility of noise or graininess is substantially reduced. 

These and other aspects and advantages of the 45 
invention will become apparentf rom the following de- 
tailed description of preferred embodiments when 
taken in conjunction with the accompanying draw- 
ings, in which: 

Figure 1 depicts a conventional color cube, div- 50 
ided into eight subcubes containing points that 
are closest to each of the eight vertices of the col- 
or cube; 

Figure 2 shows a cross section of the same color 
cube, showing the white, cyan, magenta and blue 55 
points in the cube and threshold boundaries that 
determine the selection of the output colors; 
Figure 3 shows a cross section of a distorted col- 



or space as used for vector error diffusion for de- 
termining output color in the invention, with 
threshold boundaries that determine the selec- 
tion of the output color - the closest color in the 
distorted space; 

Figure 4 shows the effect of setting an output pix- 
el on a modified input value in the method of the 
invention; 

Figure 5 shows a flow diagram for determining 
the pixels to be printed; and 
Figure 6 shows a device for using the method. 
The invention provides a modified vector error 
diffusion algorithm that takes into account the effects 
of interactions of the dot patterns for the different col- 
or components in a color continuous tone image to be 
printed by a printer or displayed by a color display 
monitor. The apparatus and method reduce the lumi- 
nance variation and increase the pattern frequency 
by influencing the number of separations used in local 
regions of the output image. 

The invention recognizes that when a white 
space is located next to a black pixel, there is a large 
contrast between white and black. Thus, a high con- 
trast transition is introduced which is often perceived 
as disturbing noise. Further, there are also other com- 
binations of colors that, when located adjacent to 
each other, contribute to high contrast and high noise. 
The method and apparatus of the invention lowers 
the visibility of this contrast by substituting colors 
having lower contrast and printing or displaying these 
colors next to each other. For example, instead of 
having black dots that are turned on or printed infre- 
quently, cyan, magenta and yellow dots are turned on 
or printed frequently. This decreases the contrast and 
increases the spatial frequency. Thus, the noise pat- 
tern is far less visible. 

Another example is when a Cyan-Red-White 
combination of three pixels is required. In the prior art, 
a Cyan pixel is printed first. Then a Red pixel, which 
is produced with a Magenta pixel printed on top of a 
Yellow pixel, are printed. Finally a pixel is left blank. 
The invention diffuses this combination and prints a 
Cyan pixel, a Magenta pixel, and a Yellow pixel com- 
bination. This decreases the contrast and spreads out 
the error diffusion. A smoother gray image results 
with no overlapping pixels. 

Referring to Figure 1 , a conventional color cube 
10 is shown. The colors in the cube are: white 12; ma- 
genta 14; red 16; yellow 18 (back-left color block is 
hidden); green 20; cyan 22; blue 24; and black 26. In 
a color printer, the three inks used are generally 
cyan/magenta/yellow. Some printers use a fourth ink, 
black, in order to conserve the amount of ink printed. 
Color monitors use red, green and blue phosphors. 

As shown in Fig. 2, a cross section of the color 
cube 10 shows four states consisting of white 12, ma- 
genta 14, cyan 22 and blue 24. The boundaries inside 
the cross section outline the regions for which all col- 
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ors contained within such regions are closer to the 
corresponding corners of the cube than to any other 
corner. For example, if the input color is a light blue 
with a luminance range of 51-100%, the printer will 
print a white pixel (the color begins in the quadrant 
marked "white") and then will oscillate between white 
and blue in the appropriate amount (after errors are 
diffused, the colors will alternately fall into the blue 
quadrant 24 and the white quadrant 12). If the input 
color is a dark blue with a luminance range of 0%- 
49%, then a blue pixel will be printed first followed by 
the oscillation of white and blue pixels in the appro- 
priate combination. The oscillation between white 
and blue causes a large variation in luminance and, 
for the case of an ink jet printer representing "blue" as 
a combination of "cyan" and "magenta", also in the ink 
coverage. 

The invention uses a distorted color cube, a pos- 
sible cross section of which is shown in Figure 3. 
Again, the boundaries shown divide regions consid- 
ered closer to the corresponding color. The distance 
measure used to find the closest vertex in the cube 
is distorted to take into account the interactions be- 
tween the colors. Use of this distorted color cube re- 
duces the noise and increases the spatial frequency 
by favouring the selection of primary colors over sec- 
ondaries, white and black. This is done by arranging 
that colors not favoured are further away from most 
colors in the cube than are favoured colors . This can 
be acheived by changing thresholds used to select 
the closest color or by changing the method used to 
compute a distance. 

For example, if a 50% blue pixel is required, the 
conventional method would alternate between white 
(no color printed) and blue pixels. With the invention, 
however, the first pixel is represented by cyan (as- 
suming cyan is preferred over magenta). The suc- 
ceeding pixels are printed using a preferred alterna- 
tion between cyan and magenta. Because the region 
of colors considered closest to blue is smaller than the 
regions of colors considered closest to cyan or ma- 
genta, a large range of light blues can be printed using 
cyan and magenta, with some white pixels inter- 
spersed. This is advantageous because of the reduc- 
tion in contrast between these colors against each 
other and against white, compared to the contrast be- 
tween white and blue. 

One preferred embodiment measures the dis- 
tance between the position in the color cube of the 
color required and the vertices of each of the colors 
in the color cube 10. The smallest distance is used as 
the color to print. With the distorted color cube, the co- 
ordinates of the vertices can be changed to prevent 
selecting undesirable colors such as black, white, red, 
green and blue. 

One method to represent the distorted color cube 
is to modify the distances according to several pen- 
alties. The penalty assigned to the distance for each 



color can be determined as a function of the ink cov- 
erage and/or a function of the luminance of the output 
state. The output pixel color is then selected by pick- 
ing the smallest (modified) distance for all of the col- 
5 ors. These predetermined penalties can be stored in 
a look-up table. Similarly the closest color can be 
stored in a look-up table. 

If a reduction in luminance variation is desired, 
one might have the penalties P as follows: 

10 Pcyan = P magenta — Pred ~~ Pgreen < 

P white ~ Pyellow = Pbtue ~ Pblack- 

Therefore, cyan/magenta would be chosen over 
white/blue because the penalties are less for the for- 
mer colors (and hence their modified distances are 
15 less). 

A system to maintain ink coverage with an appa- 
ratus using three color inks might assign the following 
penalties: 

Pcyan = P magenta ~~ Pyellow ^ 
20 Pwhlte = Pred = Pgreen ~ Pblue < 

Pblack- 

A black pixel requires all three colors to be printed in 
the same pixel space. Therefore, black has a high 
penalty because it is less desirable due to the in- 

25 crease in ink consumption. 

It is a property of error diffusion that pixels print- 
ed tend to be spread apart. If a pixel has been set to 
a color, the error will be represented by a vector away 
from that color (possibly, but unlikely an error of 0 

30 length). As a result the modified input value will, for 
nearby neighbours, move away from the color just 
printed, making it unlikely for a second pixel of the 
same color to be printed. 

An example of this is shown in Figure 4, which il- 

35 lustrates 1 dimensional error diffusion. Two dimen- 
sional error diffusion behaves in much the same way 
but is more difficult to illustrate. Assume that each 
pixel 1-9 has an output value of 3. When the modified 
input value reaches five, a pixel is printed. The pixel 

40 printed has a value often. The error is then calculated 
and diffused to the next pixel (assume all of the error 
is diffused to the same neighbour). For example, pix- 
el one has an input value of three. Assuming that 
there is no diffused error from the preceding pixel, 

45 the modified input is also three. The modified input is 
less than the threshold value, therefore no pixel is 
printed and the output is zero. The diffused error is 
now three. The modified input of pixel two is calculat- 
ed by adding the input value of three and the error dif- 

50 fused from the previous pixel. Therefore, the modi- 
fied input is six which exceeds the threshold value. A 
pixel is printed which forces the output to ten. The er- 
ror is the modified input value minus the output value, 
therefore the error diffused is negative four. The 

55 modified input of pixel three is negative one. There- 
fore, the output is zero because the modified input 
does not exceed the threshold value. The error dif- 
fused is negative one and is diffused to pixel 4. After 
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the process is completed, only pixels two, five and 
nine are printed. 

In Figure 4, two cases are marked where the set- 
ting of a pixel (output = 10) reduces the modified input 
value. This effect is used to increase the separation 
of pixels set and, and hence reduce the dominant spa- 
tial frequency of the image: using error diffusion to 
decide when to set a pixel essentially disperses the 
pixels set. 

By using the distorted color cube of the invention 
as described above, there is a reduction in the sec- 
ondary and tertiary colors. Thus, a blue-white-blue- 
white pattern will be replaced by a preferred cyan- 
magenta-cyan-magenta pattern. However, a blue- 
white-white-white pattern will still result in a non-op- 
timal cyan-magenta-white-white pattern. A modifica- 
tion of the method as already described provides the 
desired cyan-white-magenta-white pattern, resulting 
in an increase in the dominant spatial frequency of the 
output image. The method involves assigning a value 
to each color printed, i.e. Cyan, Yellow and Magenta. 
To determine the total amount of ink required for a par- 
ticular dot, the sum of the values is calculated. Thus, 
the total amount of ink of the set of colors for each dot 
is computed instead of merely performing color con- 
version. Then, every time the total amount of ink re- 
quired exceeds a predetermined threshold, it is deter- 
mined that a pixel is to be printed. Standard (non-vec- 
tor) error diffusion is used to compute the total 
amount of ink required. Thus at each pixel, the total 
amount is thresholded, a pixel may or may not be 
printed, and the error in the total amount of ink is dif- 
fused to neighbouring pixels' total ink requirements. 
Specifically: 
pixel(n) - ON, if cyan + magenta + yellow > 
threshold, 

where ON does not specify the pixel color, but only 
the presence of a pixel and the pixel color is deter- 
mined by using the distorted color cube described 
above. 

Thus, the invention determines when to turn on 
a pixel and what color that pixel should be to best re- 
duce the luminance and decrease the visibility of the 
error pattern. 

Referring to Figure 5, a flow diagram for deter- 
mining which color pixels to turn ON is shown. In step 
100, the line counter (scancount) is set to zero and the 
pixel counter is set to zero. 

In step 102, the pixel counter is checked to see 
whether all pixels have been printed. If all of the pixels 
in the scanline are printed, then step 126 is executed. 
The scancount is incremented by one. In step 128, the 
scancount is checked to see if all lines of the image 
page has been printed. If the image is completed, 
then the flow terminates. If the image is not complete, 
then the pixel counter is set to zero in step 130. Flow 
returns to step 102. 

If there are more pixels to be printed in the scan- 



line, then flow advances to step 104. Ink contribution 
is determined for the next pixel by separating the col- 
ors of the original pixel. Each color has a value of one. 
The ink contribution is equal to three minus the value 

5 of each color needed: 

ink contribution = 3 - red - green - blue (1) 
For example, if the pixel is red, the ink contribution is 
two (3 - 1 re d - 0 gr een - (W = 2). If the pixel is magenta, 
then the ink contribution is one (3 - 1 red - 0 green - 1 Wue 

10 = 1). An alternative to equation (1) is to compute the 
ink contribution of cyan, magenta and yellow. Assign 
cyan as 1-red, magenta as 1-green, and yellow as 1- 
blue, and then add magenta, cyan, and yellow to give 
the ink contribution. 

15 In step 106, the contribution from the ink error 

diffusion buffer is added to the computed ink contri- 
bution of step 104. The error diffusion method was 
previously described with reference to Figure 4. The 
advantage of this method is that by taking the sum of 

20 the Cyan, Yellow and Magenta to determine the total 
amount of ink required for a particular dot, the total 
amount of ink of the set of colors for each dot is com- 
puted instead of merely performing color conversion. 
If a pixel has been set to a color and printed, the modi- 

25 f ied input value for that color (input plus error) will 
drop, making it unli kely for a second pixel of the color 
to be printed. 

A decision is made in step 108 to determine if the 
ink contribution is greater than one. If the ink contri- 

30 bution is zero or one, then no color (white) will be 
printed. In step 110, the color error is determined 
when no color was selected. The diffused color error 
is then diffused to neighboring pixels in step 120. 
Step 122 diffuses the ink contribution to neighboring 

35 pixels. The pixel counter is incremented by one in step 
124, and flow returns to step 102. 

If the ink contribution is two or greater in step 1 08, 
then flow advances to step 112 to find the closest col- 
or in a distorted color space. To find the closest color 

40 the distance between the color required and each col- 
or in the color space is found. The following equations 
may be used to set the distances: 
D C yan = ||(red,green,blue) - ( - P cyan , 1 + p cyan , 1 

+ Pcyan)il 

45 D magenta = ||(red,green,blue) - (1 + P mag , - P mafl , 1 

+ p mao )ii 

■-'yellow - ||(red,green,blue) - (1 + P ye ,, 1 + P ye ,, - 

Pyel)ll 

Dtiack = IKred.green.blue) - ( - P Hk , - P Mto - p blk )|| 
50 D red = ||(red,green,blue) - (1 + P redl - P^, - P red )|| 

green 

= ||(red,green,blue) - ( - P grn ,1 + P grn , - P 8rn )|| 
Dbiue = IKred.green.blue) - ( - P autl , - P^, 1 + 

Pblue)ll 

•-'white ~ ||(red,green,blue) - (1 + P wht ,1 + P^.1 

55 + PwnOU 

where D cyan is the distance from cyan; and P cyan is the 
penalty associated with cyan. 

Next, the minimum distance is determined: 
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min(D C y an ,D mag enta.D y ellowtDi ) )ack»D r ed»Dg re entDblue» 

The closest color of the distorted color space has the 
minimum distance to that color. 

In step 114, the ink amount is subtracted from the 
ink contribution. The pixels are set in the output bit- 
maps. If the closest color is either, cyan, magenta or 
yellow, then set the corresponding pixel with an ink 
amount of one. If the closest color is black, then set 
the corresponding pixel with the ink amount of three. 
If the closest color is white, then set the ink amount 
to zero. If the closest color is either red, green or blue, 
then set two corresponding pixels and the ink amount 
is two. 

In step 116, the color of pixels that are turned ON 
are sent to the output. The color error is determined 
by using the closest color in step 118. Similar to be- 
fore, the output from step 118 is used to diffuse color 
error to neighboring pixels in step 120. In step 122, the 
ink contribution error is diffused to neighboring pix- 
els. The pixel count is incremented by one in step 124. 
Flow returns to step 102. 

Referring to Figure 6, a set-up for using the meth- 
od is shown. A scanner 202 scans the original image. 
The original image is divided into sections, such as 
pixels, and each section is assigned a color from the 
continuous tone color image. The assigning of the col- 
ors is not limited to a scanner, but can be generated 
by any means. 

The assigned colors are sent to a computer 204 ; 
which uses the method of the invention to generate 
the pixel colors with a relatively low contrast and in- 
creased spatial frequency. 

The selected pixel colors are output to an output 
device such as a printer 206 or a monitor 208. 

It should be noted that the distance measures 
used in the distortion of the color cube can be imple- 
mented in different ways. One such alternative imple- 
mentation is to vary the threshold, i.e., the dividing 
line between different colors, in accordance with the 
desired attributes of the color space. 



Claims 

1. A method for determining a color of a pixel from 
an original image, comprising the steps of: 

determining an ink contribution of the pixel 
based on input data derived from the original im- 
age and a diffused ink error contribution; 

selecting the color of the pixel based on a 
distorted color space, the determined ink contri- 
bution of the pixel, and a diffused color error; 

updating the diffused ink error contribu- 
tion and the diffused color error based on the se- 
lected color of the pixel; and 

setting the selected color of the pixel in an 
output bitmap representing the original image. 



2. The method of claim 1, wherein the input data 
used for determining the ink contribution uses the 
following equation: 

(Ink Amount) input data = 3 - red - green - 
5 blue. 

3. The method of claim 1, wherein the input data 
used for determining the ink contribution uses the 
following equation: 

w (Ink Amount) inputdata = cyan + magenta + 

yellow. 

4. The method of claim 1, wherein the diffused ink 
error contribution and the diffused color error are 

is derived from a color selected for one or more 

neighboring pixels. 

5. The method of claim 4, wherein the diffused ink 
error contribution is based on an ink amount as- 

20 sociated with the selected color subtracted from 

the determined ink contribution. 

6. The method of claim 5, wherein the ink amount 
associated with the selected color equals one of 

25 the following: zero if the selected color is white; 

one if the selected color is one of cyan, magenta 
and yellow, and the color requires setting a pixel 
in one separation; two if the closest color is one 
of red, green and blue, and the color requires set- 

30 ting a pixel in two separations; and three if the 

closest color is black. 

7. The method of claim 5, wherein the ink amount 
equals one of the following: zero if the closest col- 
as , or is black; one if the closest color is one of red, 

green and blue, and the color requires setting a 
pixel in one separation; two if the closest color is 
one of cyan, magenta and yellow, and the color 
the color requires setting a pixel in two separa- 
40 tions; and three if the closest color is white. 

8. The method of claim 1 , wherein the step of select- 
ing the color based on the distorted color space 
is by determining a smallest distance between a 

45 color representing the input data and each of the 

ink colors in the distorted space by using the fol- 
lowing equations: 

Dcyan = ||(red,green,blue) - ( - P^n* 1 + p cyan> 

1 + Pcyan)ll 

50 D magenta = ||(red,green,blue) - (1 + P^g, - P mag , 

1 + Pma 8 )H 

Dyeiiow = ||(red,green,blue) - (1 + P yel , 1 + 

Pyel. " Pyel)l 

Dbiack = ||(red,green,blue) - ( - P Wk , - P Wk , - P Wk )|| 
55 D red = ||(red,green,blue) - (1 + P re d. - P ret j. - 

Pred)ll 

Dgreen = ||(red,green,blue) - ( - P grn , 1 + P grn , - 

P 9 rn)ll 
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blue» 



1 + 



+ Pwht, 1 + 



Dtiue = ||(red,green,blue) - ( - P Uu 
Dwhite = ||(red ( green,blue) - (1 

Pwht» 1 + Pwht) II 

where, for example, D cyan is the distance between 5 
the color representing the input data and cyan; 
and P cyan is a predetermined penalty associated 
with cyan. 

9. The method of claim 1, wherein the step of select- 10 
ing the color of the pixel is partially based on com- 
paring the determined ink contribution to a prede- 
termined value such that: 

when the determined ink contribution is 
below the predetermined value, no color is select- 15 
ed; and 

when the determined ink contribution is 
above the predetermined value, the closest color 
in distorted space is selected. 

20 

10. A method for determining a color of a pixel from 
an original image, comprising the steps of: 

computing the ink contribution based on 
input data derived from the original image; 

modifying the computed ink contribution 25 
by adding a predetermined diffused ink contribu- 
tion; 

comparing the modified ink contribution to 
a predetermined value; 

selecting the color of the pixel based on a 30 
closest color in a distorted color space when the 
modified ink contribution is above the predeter- 
mined value, and selecting no color when the 
modified ink contribution is below the predeter- 
mined value; 35 

diffusing the color error to neighboring pix- 
els after calculating the color error, the color error 
being based on one of the selected color and no 
color selected; 

diffusing ink contribution to neighboring 40 
pixels after subtracting the ink amount from ink 
contribution; and 

setting the selected color of the pixel in an 
output bitmap representing the original image. 

45 

11. An apparatus for determining colors of a plurality 
of pixels based on an original image, the appara- 
tus comprising: 

a scanner for scanning the original image 
and forming input data representing an actual 50 
color; 

a computer for determining the color of the 
plurality of pixels, the computer including: 

a determinator for determining an ink con- 
tribution of the pixel based on the input data and 55 
a diffused ink error contribution; 

a selector for selecting the color of the pix- 
el based on a distorted color space, the deter- 



mined ink contribution of the pixel, and a diffused 
color error; 

an updater for updating the diffused ink 
error contribution and the diffused color error 
based on the selected color of the pixel; and 

a designator for setting the selected color 
of the pixel in an output bitmap representing the 
original image; 

a printer for formatting the output bitmap 

data. 
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